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THE PRONUNCIATION OF VOICELESS <TH> IN SEVEN VARIETIES OF 
L2 ENGLISHES: FOCUS ON INTELLIGIBILITY 
ETTIEN KOFFI 
ABSTRACT 
This is a comprehensive instrumental account of the phonetic realizations [θ] in L2 
Englishes. It involves the analysis of 539 segments and 77 spectrographs of [θ] produced 
by 10 native speakers of General American English and 67 L2 speakers of English. They 
all produced the same [θ] segment in the words <things>, <with>, <thick>, <things>, 
and <three>. The quantitative analysis of the impressionistic transcriptions shows that 
[θ] was produced successfully 208 out of 335 occurrences by non-native speakers 
62.08%. The impressionistic data also shows that [θ] was produced as [t̪] 44 times 
(13.14%), as [s] 36 times (10.74%), as [f] 26 times (7.76%), as [ð] 13 times (3.88%), as 
[d̪] four times (1.10%), as [z] three times (.89%), and as [r] once (.29%). The Fricative 
Intelligibility Criterion is used together with confusion findings, relative functional load 
information, intensity, and center of gravity measurements to assess the intelligibility of 
L2-accented [θ]. 
 
1.0 The Distribution of [θ] in World Languages 
It has been taken as an article of faith in the L2 pronunciation literature that non-
native speakers of English would have a hard time producing the voiceless interdental 
fricative [θ] because it does not appear in many of the world languages. Indeed, of the 
317 languages in the UCLA Phonological Segment Inventory Database (UPSID), only 18 
have it (Maddieson, 1984, p. 45, Table 3.2). Table 1 shows that of the seven languages 
under consideration in this study, only Arabic has [θ] in its phonemic inventory, as shown 
in Table 1: 
  
                                            Place 
Languages  Labio-dental Interdental Alveolar Palatal Glottal 
English 
   
   
 M
an
ne
r 
  
f θ s ʃ h 
Arabic f θ s ʃ  h 
Japanese ɸ __ s ʃ h 
Korean __ __ s ʃ h 
Mandarin f __ s ʃ h 
Slavic f __ s ʃ h 
Somali f __ s ʃ h 
Spanish f __ s ʃ h 
Table 1: Distribution of [θ] in Eight Languages 
 
The lack of [θ] in most of these languages raises the following questions: 
 
1. Can L2 speakers of English whose native language(s) lack [θ] manage to produce 
it accurately? 
2. If they cannot, what segments do they use to substitute for it?  
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3. Do the compensatory strategies used interfere with segmental intelligibility? 
 
To answer these questions, I rely on three analytical methods. First, I provide a 
quantitative analysis of [θ]. Secondly, I measure the intensity of the segments that are 
acoustically close to [θ], that is, sounds that are often substituted for [θ] in both L1 and 
L2 Englishes. Thirdly, I summon findings from confusion research, relative functional 
load data, intensity, and center of gravity (COG) measurements to assess the 
intelligibility of these substitutions.  
 
The quantitative analysis is based on the impressionistic transcription made by 
trained phoneticians associated with the George Mason University’s (GMU) Speech 
Accent Archive project. The acoustic data on [θ] comes mainly from the measurements 
obtained from 67 Arabic, Japanese, Korean, Mandarin, Slavic, Somali, and Spanish 
speakers reading the elicitation text below. The [θ] segment under consideration in this 
study is the one that occurs in <things>, <with>, <thick>, <things>, and <three> in the 
text below: 
 
Please call Stella. Ask her to bring these things with her from the store: Six 
spoons of fresh snow peas, five thick slabs of blue cheese, and maybe a snack for 
her brother Bob. We also need a small plastic snake and a big toy frog for the 
kids. She can scoop these things into three red bags, and we will go meet her 
Wednesday at the train station. 
 
Weinberger (2014) and his associates are confident that the narrow phonetic 
transcriptions that they offer at the GMU website for each speaker are accurate. He 
describes their methodology as follows, “The transcriptions are done by 2 to 4 English-
speaking judges who are phonetically educated. The consensus rate is high…All of the 
linguistic analyses of the accents are available for public scrutiny. We welcome 
comments on the accuracy of our transcriptions and analyses.” It is not my intention here 
to critique the accuracy of the impressionistic transcriptions. However, it is not outside of 
the realm of possibility for the transcriptionists to have mistaken [f] and [ɸ] for [θ] 
because of the incredible auditory and spectrographic similarities between them 
(Ladefoged & Maddieson, 1996, p. 143; Ladefoged & Johnson, 2015, p. 211). In order to 
avoid the pitfalls of relying exclusively on impressionistic data (Maddieson, 1984, p. 1 
and Labov, Sharon,	  &	  Boberg, 2006, p. 8), instrumental analyses are used in this study to 
bolster the assessment of the intelligibility of L2 pronunciations of [θ].  
 
1.1 Literature Review on [θ] 
 There is no shortage of impressionistic statements in the linguistic literature about 
how native and non-native speakers produce [θ]. Many native speakers of General 
American English (GAE) believe that they produce it by putting the tip of their tongue 
between the upper and lower teeth. They also claim that many non-native of English fail 
to produce it accurately because they do not follow this articulatory gesture. In the course 
of this paper, we will review and evaluate these claims. However, since this paper deals 
with acoustic phonetics, we will focus our attention mostly on instrumental 
measurements and less on impressionistic claims. The Jongman, Wayland & Wong 
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(2000) paper serves as the starting point of our instrumental analysis because it contains 
an impressive amount of data with which non-native [θ]s can be compared. Their study 
involved 20 participants (10 males and 10 females) and covered all fricatives, except /h/. 
Each participant produced 144 fricative tokens, for a total of 2,880 fricatives. Their 
results are summarized in Table 2: 
 
Segment s z f v θ ð ʃ ʒ 
Intensity 64.9 67.7 55.7 63.2 54.7 62.7 66.4 68.2 
Duration 178 118 166 80 163 88 178 123 
COG 6133 6133 5108 5108 5137 5137 4229 4229 
F2 1832 1832 1661 1661 1833 1833 1982 1982 
Table 2: Pertinent Acoustic Cues for Fricatives1  
 
The researchers examined four acoustic correlates of fricatives because, as Ladefoged 
and Maddieson (1996, p. 139) explained it, “The acoustic structure of fricatives seems to 
vary widely from individual to individual, but this really reflects only the unfortunate fact 
that we do not yet know what it is that we ought to be describing. We do not know how to 
sum up what is constant, and what is linguistically and perceptually most relevant in 
acoustic terms [italics added for emphasis].” Even so, a number of studies have singled 
out intensity as the most robust acoustic cue in the study of fricatives. Maddieson (1984, 
p. 49-51) makes this case in Patterns of Sounds. Thomas (2011, p. 112) finds intensity to 
be relevant in the study of fricatives, 
 
Amplitude is sometimes used as a way of distinguishing fricatives. For the most 
part, overall amplitude is mainly useful for distinguishing sibilants, which have 
high amplitude, from non-sibilants, which have lower amplitude. 
 
Ladefoged and Maddieson (1996, p. 139) concur,  
 
… Our best guess is that what matters for fricatives (more specifically for sibilant 
fricatives) is the overall intensity, the frequency of lower cut-off point in the 
spectrum, and something corresponding to the center of gravity and dispersion of 
spectral components above a certain threshold.  
 
That this paper should focus on intensity, and not on the other correlates, is fully justified 
by the measurements in Table 2. Duration is not a good cue because it fails to distinguish 
between the alveolar fricative [s] (178 ms) and the palatal fricative [ʃ] (178 ms). It also 
fails to distinguish between the non-sibilants [f] (166 ms) and [θ] (163 ms); and [v] (80 
ms) and [ð] (88 ms). F2 and COG also are not strong cues because they do not 
discriminate between [s] and [z], [θ] and [ð], or [ʃ] and [ʒ]. Even though COG seems to 
distinguish [f, v] (5108 Hz) from [θ, ð] (5137 Hz), this is not the case because the 
acoustic distance of 29 Hz that separates them is perceptually insignificant. So far, 
intensity appears to be the most robust distinctive cue for fricatives. It separates voiced 
and voiceless pairs of fricatives. Furthermore, it distinguishes sibilant fricatives from 
their non-sibilant counterparts. Intensity also has its limitations. It is not a robust cue for 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  Table 2 summarizes the pertinent acoustic measurements found from pages 1257 to 1260.	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discriminating voiced and voiceless sibilants amongst themselves, or voiced and 
voiceless non-sibilants amongst themselves. This notwithstanding, it still remains the 
most robust acoustic cue for distinguishing between fricatives. Consequently, it can be 
relied on to help assess the intelligibility of [θ] in L2 English.  
 
2.0 Quantitative and Confusion Analyses of [θ] in GAE and in L2 Englishes 
The impressionistic phonetic transcriptions show that GAE speakers produced [θ] 
with 97.14% accuracy, while non-natives produced it with 62.08% accuracy. The 
infelicitous pronunciations include the substitution of [θ] by [t̪] 44 times, by [s] 36 times, 
by [f] 26 times, by [ð] 13 times, by [d̪] four times, by [z] three times, and once by [r]. 
Figure 1 summarizes the different ways in which [θ] was pronounced.  
 
 
Figure 1:Non-Native Productions of [θ] 
 
How do these different pronunciations correlate with intelligibility? Miller and 
Nicely’s (1955, p. 341) and Cutler, Weber,	  Smits,	  &	  Cooper’s (2004, p. 3671-4) findings 
in their confusion studies displayed in Table 3 confirm that hearers routinely confuse [θ] 
with [t̪], [f], [s], [ð], [d̪], and [z].  
 
Table 3:Confusion of [θ] 
 
The information in Table 2 is interpreted as follows: The suffix “1” indicates that the data 
is taken from Miller and Nicely (1955) where the talkers and hearers are GAE speakers. 
Suffix “2” indicates that the data is from Cutler et al. (2004) where Dutch are talkers and 
GAE are hearers. The suffix “3” indicates data from Cutler et al. where GAE are talkers 
and Dutch are hearers. In all these cases, [θ] occurs in word-initial positions. 
 
63.58%	  9.55%	  7.76%	  
13.14%	  
5.67%	  
θ	  s	  f	  t	  ð/z/d	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Perceived	  stimuli	  	   p	   t	   k	   f	   θ	   s	   ʃ	   tʃ	   h	   b	   d	   g	   v	   ð	   z	   ʒ	   dʒ	   j	   m	   n	   l	   r	   w	  
θ-­‐1	   4.7	   2.5	   1.7	   36.6	   49.1	   4.3	   0	   NA	   NA	   0	   0	   0	   .86	   0	   0	   0	   NA	   NA	   0	   0	   NA	   NA	   NA	  θ-­‐2	   12.5	   5.4	   3.8	   13.3	   18.3	   0	   0	   .4	   10.4	   7.5	   2.1	   1.3	   3.8	   14.6	   .8	   NA	   0	   .4	   .8	   .4	   .4	   .4	   1.7	  θ-­‐3	   18.8	   6.3	   3.8	   13.3	   12.1	   .4	   .4	   7.1	   14.2	   2.5	   1.7	   2.9	   7.5	   0	   0	   NA	   0	   .4	   1.3	   2.9	   2.9	   0	   .8	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A cursory look indicates that [θ] is not well perceived, even when produced by 
GAE talkers and heard by other GAE hearers. They perceive it accurately only 49.1% of 
the time. The four other sounds that [θ] is confused with are [f] (36.6%), [p] (4.7%), [s] 
(4.3%), and [t] (2.5%). When GAE hearers listen to Dutch-accented English, they 
perceive [θ] accurately only 18.3% of the time. The four leading segments that [θ] is 
confused with are [ð] (14.6%), [f] (13.3%), [p] (12.5%), and [h] (10.4%). Dutch listeners 
do not perceive [θ] well at all when they listen GAE talkers. They perceive their [θ] 
accurately only 12.1% of the time. More often than not, they perceive the [θ] produced by 
GAE talkers as [p] (18.8), [h] (14.2%), [f] (13.3%), and as [t] 6.3%). GAE and Dutch 
examples are used here for the purposes of illustration to highlight the fact that Dutch 
non-native speakers do not perceive [θ] well at all. Moreover, when they produce their 
version of [θ], GAE hearers do not perceive it well either. Even among GAE hearers and 
talkers, the perceptual accuracy rate is worse than chance. Now, let’s turn our attention to 
how GMU transcriptionists perceived the [θ]s produced by the non-native speakers in the 
present study. However, since intensity is the main acoustic cue that is used to assess the 
intelligibility of L2 English in this study, a little detour is needed to explain what it is and 
how it is used.  
 
3.0 Instrumental Analysis of Native and Non-native [θ]s 
The minimal amount of intensity change that the human ear can detect is 1 dB 
(Fry 1974, p. 92; Ladefoged 2003, p. 90). However, in the hearing sciences, the threshold 
for perceiving the difference of intensity between two sounds is taken to be ± 3 dB, as 
shown in Table 4. In Fundamentals of Acoustics, Hansen (n.d., p. 41)	  provides us with the 
information in Table 4 that can help clear a lot of confusion regarding intensity. Similar 
information is found in Master Handbook of Acoustics (2015, p. 54). 
 
Changes in Sound 
Level (dB) 
Changes in 
Loudness 
        3 just perceptible 
        5 clearly noticeable 
       10 half of twice as loud 
       20 much quieter or louder 
Table 4: Intensity vs. Loudness 
 
The confusion often has to do with intensity and its role in speech perception. 2 To start 
with, Serway and Vuille (2012, p. 479) advise their physics students to make a distinction 
between intensity and intensity levels. Their admonition reads as follows, “Don’t confuse 
intensity with intensity level. Intensity is a physical quantity with units of watts per meter 
squared; intensity level or decibel level, is a convenient mathematical transformation of 
intensity to a logarithmic scale.” My students often get confused reading the figures and 
the explanations that go along with them in Ladefoged and Disner (2012, p. 55-60) 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 The standard international measurement is 3 dB. However, in the US the accepted measurement is 5 dB.  
The discrepancy is explained as follows: “Some organizations such as OSHA in the US have argued that 
the human ear self-compensates for changing noise levels and they felt that the 3 dB exchange rate should 
be changed to more closely match the response to the human ear.” Retrieved from: 
http://www.chillicothe.ohiou.edu/ev/etrc/manuals/ih/manuals/noisedosterms%20.pdf  on July 20, 2014.  	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because the authors do not make the distinction between intensity and intensity levels 
very clear when describing the acoustic properties of fricatives and affricates. Confusion 
also exists between intensity and loudness. Many phoneticians use both interchangeably, 
but many of our colleagues in physics and acoustics do not. I use intensity in the same 
way physicists and acousticians would, that is, not as synonymous with loudness. The 
best way that I have gotten my students to appreciate this subtle distinction is to liken 
intensity and loudness to water and ice. I tell them that “Loudness is to intensity what ice 
is to water.” Ice is made of water, but ice is not water. Similarly, loudness is related to 
intensity, but intensity is not strictly speaking the same as loudness. In the physics and 
acoustics literature, loudness is characterized as the sensation of loudness, whereas 
intensity is a physical event. Acousticians use two different units of measurements for 
intensity and loudness. Intensity is calculated in decibel, whereas loudness is expressed in 
sones or in phons (Hansen, p. 41).  
 
 Confusion also arises when intensity levels are interpreted arithmetically instead 
of being interpreted logarithmically. As noted in Table 4, a difference of 3 dB is barely 
audible, whereas a difference of 5 dB is clearly noticeable. This is so, because when 
people listen to speech sounds (and other sounds, but we focus on speech), their ears use 
an algebraic formula to calculate the acoustic attributes of the incoming sound on a 
logarithmic scale. Of course, hearers are not aware that they are doing high level algebra 
when listening to other people talk. Their ears do all these calculations for them even 
though they are not aware of it. The final source of confusion concerning intensity has to 
do with the fact that natural classes of sound have their own intensity levels that are 
independent of whether the speaker is talking loudly or softly. What is relevant is the 
amount of constriction or lack thereof when specific sounds or natural classes of sounds 
are produced. Here is a practical explanation. If I shout my [a]s and my [i]s or if I say 
them softly, my [a]s will have a greater relative intensity than my [i]s irrespective of how 
I say them because [a]s involve less constriction than [i]s. Ladefoged (2003, p. 91) 
explains this as follows: 
 
Different speech sounds have different intensities, even when they have been 
pronounced with the same degree of stress. Other things being equal, voiced 
sounds have greater intensity than voiceless sounds. For vowels, the intensity is 
largely proportional to the degree of opening of the lips.3 
 
Now that these caveats are firmly in place, let’s introduce the Fricative Intelligibility 
Criterion that will help us assess the intelligibility of [θ] that the non-native speakers in 
the data produced. This criterion is based on intensity, for reasons discussed above:  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 This points needs to be made over and over again because many linguists, even very good ones, are not 
aware if it. A lot of the controversies about ranking the acoustic correlates of stress can be avoided if we 
understand that speech segments have their own individual intensities. This is the reason why Ladefoged 
(2003, p. 92-93) makes the following categorical statements: “…intensity is not a good indicator of 
stress…It is mostly the pitch that indicates which word has contrastive stress. In every case the stressed 
word has a higher pitch and a greater intensity, but not a greater length…Despite what you may read 
elsewhere (and this is why I have included this section), intensity as shown in dB is usually not a very 
useful acoustic property to measure [as far as suprasegmentals are concerned; added, not in the original].  
It is seldom one of the distinguishing phonetics characteristics of a language.”	  
6
Linguistic Portfolios, Vol. 4 [2015], Art. 2
https://repository.stcloudstate.edu/stcloud_ling/vol4/iss1/2
Linguistic Portfolios, Volume 4, Spring 2015 | 8 
 
	  
 
Fricative Intelligibility Criterion (FIC) 
A segment that forms a natural class with [θ] (i.e., agrees with it in place of 
articulation, manner of articulation, and voicing) can be substituted for it without 
interfering with intelligibility if the intensity distance between the two is ≤ 3 dB.  
 
With this in mind, let’s examine the intensities of [t̪], [f], [s], [ð], [d̪], [z], and [r] to 
determine whether substituting them for [θ] interferes with intelligibility or not. The 
intensity values that are reported here are those of the highlighted segments in <six, five, 
plastic, please, these, Wednesday>:  
 
 six five thick plastic please these Wednesday 
Languages s f θ t̪ z ð d̪ 
Arabic mean 65.24 64.61 67.75 62.65 68.19 68.36 70.70 
Japanese mean 61.91 59.98 59.47 63.34 67.60 65.35 65.19 
Korean mean 61.90 61.39 64.63 59.36 71.24 65.46 61.46 
Mandarin mean 62.30 63.15 64.43 63.21 65.63 66.97 65.97 
Slavic mean 61.45 62.61 62.15 59.94 63.54 67.10 61.68 
Somali mean 60.61 59.48 59.43 59.55 67.43 68.17 63.14 
Spanish mean 66.75 62.58 62.30 62.14 68.64 65.13 63.35 
GAE mean 68.59 63.32 62.38 63.47 70.96 67.10 67.72 
Table 5: Intensity Measurements in Native and Non-native Englishes 
 
According to FIC, if [θ] is replaced with [f] and [t̪] in GAE, intelligibility is not affected 
because the intensity difference between [θ] (62.38 dB) and [f] (63.32 dB), and [θ] (62.38 
dB) and [t̪] (63.47 dB), is ≤ 3 dB. As explained in Table 4, the difference between these 
pairs of sounds is barely noticeable. However, if [s] (68.59 dB) is substituted for [θ] 
(62.38 dB), intelligibility issues may arise because the acoustic distance between them is 
over 5 dB. Table 3 indicates that this difference is “clearly noticeable.” The question 
worth answering is the following: if the acoustic distance between two fricatives is 
noticeable, does it mean that intelligibility is compromised?  
 
The short answer to this question is no, because the determination of intelligibility 
is not based solely on acoustic measurements. It also takes into account confusion data as 
the one in Table 3 and relative functional load (RFL) data displayed in Appendix 1. RFL 
percentages are given unintelligibility ratings similar to the ones that World 
Meteorological Organization, a specialized agency of the United Nations (UN)4 gives to 
help people interpret weather patterns and conditions. Table 6, therefore, provides us with 
an interpretive framework to assess intelligibility on the basis of RFL data.  
 
 
 
 
 
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4The explanations of weather warning levels and labels are found at: 
http://severe.worldweather.wmo.int/tc/swi/acronyms.html  Retrieved on February 14, 2015.	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Table 6: Unintelligibility Ratings 
 
 
4.0 The Intelligibility of [θ] Produced as [t̪] 
L2 talkers in the study substituted [t̪] for [θ] more often than any other segment. It 
occurred 44 times (13.13%). The substitution rate breaks down by language group as 
follows:  
 
 
Figure 2: [θ] Produced as [t̪] 
 
Slavic talkers lead the way with 19 substitutions, followed by Koreans with 9, and by 
Hispanics with 7. The [θ] in <three> was mispronounced as [t̪] 19 times, the one in 
<thick> 14 times, the one in <with> 9 times, and the one in <things> twice.  
 
 The information in Table 2 suggests that the confusion between [θ] and [t̪] is 
rather rare among GAE talkers. The impressionistic transcriptions confirm it. Only 
speaker MA89 among the 10 GAE participants substituted [t̪] for [θ]. Figure 3 illustrates 
his pronunciation of <thick> as [t̪ɪk]:  
 
3	   1	  
9	  
3	  18	  
3	  
7	   Arabic	  Japanese	  Korean	  Mandarin	  Slavic	  Somali	  Spanish	  
Levels Percentage Unintelligibility 
1.  80-100 Severe  
2.  60-79 High 
3.  40-59 Moderate 
4.  20-39 Low 
5.  1-19 Slight 
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Figure 3: Spectrogram of [t̪] by MA89 
 
The arrow in the spectrogram points to a release bar showing that MA89 pronounces [θ] 
as [t̪]. Though Miller and Nicely found only a 2.5% confusion rate between [θ] and [t̪],  
Eckert (2008, p. 27) states that [t̪] occurs pervasively in the ethnolects of German 
Americans, Cajuns, Polish Americans, and Latinos. Ogden (2009, p. 128) also notes that 
speakers of Irish English and many Americans on the East Coast produce [θ] as [t̪]. 
Ladefoged and Maddieson (1996, p. 43) go so far as to say that 90% of British talkers 
dentalize [θ]. Ladefoged and Disner (2012, p. 121-2) make a tongue in cheek joke about 
why British talkers do not produce [θ] as an interdental segment. They joke that it is as if 
“the British think it rude to stick their tongues out.” This way of pronouncing [θ] is 
variously known as dentalization, TH-stopping, TH-fronting, or fortition.  
 
Though [t̪] is a stop, not a fricative, it satisfies the FIC condition stated earlier 
because the mean intensity difference between it (63.47 dB) and [θ] (62.38 dB) is less 
than 3 dB. From an articulatory phonetic point of view, [t̪] and [θ] constitute a natural 
class because they are both [+dental] and [-voice]. They are also perceptually similar in 
that their intensity difference is less than 3 dB. Given these phonetic similarities, it is not 
at all surprising that many native speakers of American and British Englishes substitute 
[t̪] for [θ]. The relative functional load information between them is low; 18% word 
initially and 27% word finally (Catford, 1987, p. 87-100). This means that the 
substitution of [t̪] for [θ] is likely to affect intelligibility only marginally. It is true that 
interchanging [t̪] for [θ] in lexical minimal pairs such as <thank> vs. <tank>, <thigh> vs. 
<tie>, <thick> vs. <tick>, <third> vs. <turd>, <thorn> vs. <torn>, <three> vs. <tree>, 
<threw> vs. <true>, <thrill> vs. <trill>, <thrust> vs. <trust>, <thug> vs. <tug>, <both> 
vs. <boat>, <death> vs. <debt>, <forth> vs. <fort>, <faith> vs. <fate>, <pithy> vs. 
<pity>, <tenth> vs. <tent>, <tooth> vs. <toot>, and <with> vs. <wit> can cause hearers 
to misunderstand their interlocutors. However, redundancies in the discourse context can 
allow hearers to recover the intended segments, especially since this pronunciation is 
9
Koffi: Pronunciation of Voiceless  in Seven Varieties of L2 Englishes
Published by theRepository at St. Cloud State, 2015
Linguistic Portfolios, Volume 4, Spring 2015 | 11 
 
	  
 
fairly common. Because GAE hearers are already accustomed to this substitution, it is 
doubtful that L2 speakers will be misunderstood if they produce [t̪] instead of [θ].  
 
5.0 The Intelligibility of [θ] Produced as [f] 
We see in Table 2 that GAE talkers and hearers mistake [f] for [θ] more than any 
other segment. Zsiga (2013, p. 42) explains why: “[θ] and [f] are very difficult to 
distinguish, both in reading spectrograms and in real speech perception.” Ladefoged 
(2006, p. 194) adds that formant transition and intensity alone are not strong enough 
acoustic cues to tell [θ] apart from [f]. Intensity-wise, the two segments are 
indistinguishable because, according to Table 3, there is less than 1 dB difference 
between them. As noted earlier, the minimum intensity level detectable by human ears is 
1 dB. In other words, it is quite possible that GMU transcriptionists mistook some [f]s for 
[θ]s, and vice versa. Leaving this observation aside, the impressionistic data shows that 
L2 speakers pronounced [θ] as [f] 26 times out of 335 instances (7.76%). Slavic talkers 
led the way with nearly a third of this substitution, as shown in Figure 4:  
 
 
 
Figure 4: [θ] Produced as [f] 
 
The impressionistic data shows that Japanese talkers substituted [f] for [θ] only once. 
This may be due to the fact that, according to Zsiga (2013, pp. 37-8), it is practically 
impossible to perceive a difference between [θ] and [ɸ], unless one is looking at the 
mouth of the speaker. Ladefoged and Maddieson (1996, p. 143) also note that the 
intensity of [ɸ] is indistinguishable from that of [θ]. Since GMU transcriptionists relied 
solely on the audio files to transcribe Japanese speakers’ pronunciation of the elicitation 
text, it is very likely that they misperceived the Japanese pronunciation of [ɸ] as [θ].  
 
Irrespective of whether [θ] was produced as [f] or [ɸ], this pronunciation is 
unlikely to interfere with intelligibility because American and British English interchange 
[θ] and [f] freely. Zsiga (2013, p. 439) writes that it is a common pronunciation in 
African American Vernacular English (AAVE), especially at the end of words. 
Ladefoged and Johnson (2015, p. 211) also remark that [f] and [θ] have merged in 
Arabic	  Japanese	  Korean	  Mandarin	  Slavic	  Somali	  Spanish	  
9	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   2	   3	   1	  
6	  
3	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London Cockney. Hazen (2015, p. 38) contends that the pronunciation of [θ] as [f] is 
becoming widespread: 
 
For Modern English, [θ] in many words is undergoing some changes. Most often,  
it is being pronounced as [f], like in birfday. For speakers in Michigan, this 
pronunciation is associated with lower social class speakers from urban areas. In 
some rural areas of North Carolina, this pronunciation is used by all speakers 
from every social class group and every ethnicity. Perhaps not surprisingly, the 
[θ] to [f] variation is heavily stigmatized in the US North, but completely 
unnoticed in rural areas of North Carolina. It is the same alternative 
pronunciation, but the social meaning attached to it differs because the perception 
of the speakers using it differs. 
 
On page 78 he observes that the substitution of [θ] by [s] is pervasive in rural areas in the 
US South. Later, on page 373 he states that “[i]n varieties of English around the globe, 
another area of synchronic variation is happening with the sounds associated with [θ] and 
[f]: The [f] sound can replace the [θ] sound when pronouncing words like birthday → 
birfday and bath →baf.” As far as intelligibility is concerned, the relative functional load 
between [θ] and [f] is very low, that is, 15% at the beginning, and 9% at the end of words. 
A minimal pair website5 found only 61 lexical minimal pairs between /θ/ and /f/, but most 
of them are archaic. Common pairs where substituting [f] for [θ] could lead to 
misunderstanding include <death> vs. <deaf>, <thirst> vs. <first>, <thin> vs. <fin>, 
<threat> vs. <fret>, <thrill> vs. <frill>, <thug> vs. <fug>, <loath> vs. <loaf>, <thresh> 
vs. <fresh>, and <with> vs. <whiff>. Here too, the discourse context can alleviate the few 
instances of unintelligibility that may arise as a result of this substitution. Moreover, 
since many native speakers substitute [f] for [θ], hearers are already familiar with this 
pronunciation. Consequently, L2 speakers do not risk being misunderstood just because 
they produce [f] when they are expected to say [θ].  
 
6.0 The Intelligibility of [θ] Produced as [s] 
 In 36 out 335 occurrences, L2 talkers substituted [s] for [θ]. This represents a 
substitution rate of 10.74%. Figure 5 breaks the data down by language group, while 
Table 7 provides us with frequency of substitution data by speaker.  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 Retrieved on July 15, 2014 from http://myweb.tiscali.co.uk/wordscape/wordlist/m<advinimal.html	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Figure 5:[θ] Produced as [s] 
 
 
 Things  With  Thick Things Three Total 
      [s] 
Arabic46 [s] [t] [θ] [θ] [θ] 1 
Japanese1 [s] [s] [θ] [s] [θ] 3 
Japanese3 [θ] [s] [θ] [θ] [θ] 1 
Japanese4 [s] [z] [t] [s] [θ] 2 
Japanese10 [s] [θ] [θ] [s] [s] 3 
Japanese12 [s] [s] [s] [s] [s] 5 
Korean1 [s] [θ] [θ] [s] [θ] 2 
Korean3 [s] [t] [θ] [s] [θ] 2 
Mandarin1 [θ] [s] [θ] [θ] [θ] 1 
Mandarin2 [θ] [s] [θ] [θ] [θ] 1 
Mandarin3 [θ] [s] [θ] [θ] [θ] 1 
Mandarin4 [θ] [s] [θ] [θ] [s] 2 
Mandarin5 [s] [s] [s] [s] [s] 5 
Mandarin8 [s] [s] [θ] [θ] [θ] 2 
Mandarin9 [s] [s] [θ] [θ] [θ] 2 
Mandarin19 [θ] [t] [s] [θ] [θ] 1 
Somali1 [f] [t] [s] [f] [θ] 1 
Spanish6 [s] [θ] [θ] [θ] [t] 1 
All total  11 10 4 7 4 36 
Table 7: [θ] by Word type and by Talker’s Language 
 
A great deal of interspeaker and intraspeaker variability exists among these L2 speakers 
regarding the pronunciation of [θ]. There is also a great deal of variability among 
language groups. Mandarin talkers alone produced 41.66% of all the substitutions of [s] 
for [θ], followed by Japanese talkers (38.88%), and Koreans (11.11%). Collectively 
Arabic, Somali, and Spanish talkers substituted [s] for [θ] only 3 times (8.33%). Since the 
substitutions made by the latter group are not prevalent, we will focus mainly on the 
substitutions made by Mandarin, Japanese, and Korean speakers. Jenkins (2000, pp. 64-5) 
1	  
14	  15	  
1	   1	   Arabic	  Japanese	  Korean	  Mandarin	  Somali	  Spanish	  4	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also found that speakers from these three languages tended to substitute [s] for [θ] more 
often than other speakers in her study. 
 
Though at least 15 Japanese, Korean, and Mandarin speakers produced [θ] as [s], 
we will only assess the acoustic measurements provided by Japanese 12 and Mandarin 5 
to assess the intelligibility of this substitution. These two speakers are selected because 
they systematically produced all their [θ]s as [s]s. This substitution is prevalent among 
Japanese, Korean, and Mandarin L2 speakers of English because they have two types of 
[s]s in the phonemic inventory of their native languages. According to Maddieson (1984, 
pp. 283, 284, 346), in Japanese there is a distinction between a long [s] and a short [s]. In 
Korean, a lenis [s] contrasts with a fortis [s]. In Mandarin, a retroflex [ʂ] coexists with an 
alveolar/dental [s].6 It is therefore quite possible that these talkers are using one of the 
two [s]s in their native languages to substitute for [θ]. The acoustic analyses of the 
pronunciations of Japanese 12 and Mandarin 5 can give some hints as to which of the two 
[s]s in their native tongues they are likely to substitute for [θ]. Tables 8 and 9 display the 
relevant measurements: 
 
Words Intensity in dB Duration in ms COG in Hz 
Things 1 71 164 7232 
With 63 148 3502 
Thick 72 137 5097 
Things 2 71 127 6380 
Three 70 142 7066 
Mean [θ] = [s] 69 143 5855 
Six 65 120 5371 
Table 8: Measurements of [θ] produced as [s] by Japanese 12 
 
A comparison between the [s] that Japanese 12 produced for the initial [s] in 
<six> and the [s] that he used to substitute for [θ] reveals that the two [s] sounds are 
acoustically different. The intensity of the [s] in <six> is less than all the other [s]s used 
to substitute for [θ], except for the one in <with>. It is questionable whether this sound is 
actually an [s]. Its center of gravity (COG) is rather different. COG is a measurement that 
phoneticians use to pinpoint as accurately as possible the place of articulation of 
fricatives. COG measurements are interpreted as follows: the higher the COG, the more 
fronted the fricative. The mean COG difference between [s] (5371 Hz) in <six> and the 
[s] used to substitute for [θ] (5855 Hz) is 484 Hz. This can be interpreted to mean that the 
two sounds are produced roughly in the alveolar area. The acoustic measurements that 
matter most in this case are intensity and duration. The [s] in <six> is shorter and softer 
than all the [s]s used to substitute for [θ]. This suggests that Japanese 12 uses the long 
(and maybe the louder) [s] of Japanese to produce [θ], and the shorter [s] of Japanese to 
produce [s] in GAE.  
 
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  6	  The segments [s] and [ʂ] are minimal pairs, as shown in the following words: “丝” [si] (silk) and ”湿“ [ʂi] 
(wet); ‘“酥” [su] (crisp) and “叔” [ʂu] (uncle).  I’m grateful to my teaching assistant, Ms. Borui Zhang for 
providing me with these Mandarin examples.	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Words Intensity in dB Duration in ms COG in Hz 
Things 1 62 145 6916 
With 63 84 6283 
Thick 58 27 2084 
Things 2 56  42 5624 
Three 66 94 5669 
Mean [θ] = [s] 61 78 5315 
Six 64 114 7011 
Table 9: Measurements of [θ] produced as [s] by Mandarin 5 
 
The data in Table 9 shows that Mandarin 5 relies on a similar acoustic strategy. 
The intensity of [s] (64 dB) that she produced at the beginning of <six> and the [s] that 
she substituted for initial [θ]s is 61 dB. Since the intensity difference falls within the 
acceptable 3 dB range, I contend that she does not rely on intensity, but rather on duration 
and perhaps COG. The duration of the initial [s] in <six> is 114 ms whereas the mean 
duration of the [s]s used to substitute for [θ] is 91 ms. Even so, this cue is not as 
compelling as the evidence provided by COG measurements. The initial [s] in <six> has 
a COG value of 7011 Hz, whereas the mean COG of all the [s]s substituted for [θ] is 
5315 Hz. In other words, Mandarin 5 produces the first [s] in <six> as an apical dental 
segment whereas the one used to substitute for [θ] is an alveolar retroflex [ʂ]. This 
pronunciation pattern is consistent with Maddieson’s (1996, p. 346) description of the 
places of articulation of plain [s] and retroflex [ʂ] in Mandarin.  
 
 What is the intelligibility impact if [θ] is pronounced as [s]? The relative 
functional load of [s] for [θ] is also fairly low. They contrast by 21% in word-initially, 
and by 17% word-finally. According to the ratings in Table 6 unintelligibility is low and 
should not be a serious concern. Problematic cases would include interchanging [s] for 
[θ] in lexical minimal pairs such as <tenth> vs. <tense>, <thank> vs. <sank>, <thing> vs. 
<sing>, <think> vs. <sink>, <thin> vs. <sin>, <thaw> vs. <saw>, <thick> vs. <sick>, 
<thickness> vs. <sickness>, <thigh> vs. <sight>, <thought> vs. <sought>, <theme> vs. 
<seem>, <faith> vs. <face>, <forth> vs. <force>, <growth> vs. <gross>, <myth> vs. 
<miss>, <north> vs. <Norse>, <path> vs. <pass>, <mouth> vs. <mouse>, <truth> vs. 
<truce>, <thumb> vs. <some>, and <worth> vs. <worse>. Even though there are not 
many minimal pairs, this substitution is fraught with intelligibility pitfalls--there are 
hundreds of words that end in [θ] for which no minimal pairs exist. However, substituting 
[s] for [θ] in these cases can affect intelligibility. An incident that happened during the 
2010 PSLLT conference illustrates this perfectly. An L2 English speaker whose native 
language was Mandarin substituted [s] for [θ] in saying <health> [hɛls]. Most people 
interpreted the utterance as <else>. However, <else> did not fit the context. So the 
utterance did not make any sense. Someone in the audience interrupted her and asked for 
clarification. She articulated <health> as [hɛls], only slowly this time. The utterance still 
did not make sense until she wrote <health> on the whiteboard. Levis (2010, p. 64) 
would explain the misunderstanding in this case by appealing to pragmatics rather than to 
relative functional load. He contends, “A lot of intelligibility comes down to our 
expectations. And any time you mess with expectations whether at the phonological level 
or at the lexical level or at the syntactic level or at the cultural level, you can impair 
14
Linguistic Portfolios, Vol. 4 [2015], Art. 2
https://repository.stcloudstate.edu/stcloud_ling/vol4/iss1/2
Linguistic Portfolios, Volume 4, Spring 2015 | 16 
 
	  
 
intelligibility.” Since GAE dialects do not yet substitute [s] for [θ], hearers are not 
accustomed to this pronunciation.7 Therefore, many of them may not be able to recover 
the meaning of an utterance quickly if [s] is used in place of [θ]. Once hearers become 
familiar with this pronunciation, they repair incoming messages quickly and process the 
intended message efficiently, unless additional segmental and suprasegmental cues cause 
the utterance to be phonologically unrecoverable. 
 
7.0 The Intelligibility of [θ] Produced as [ð], [d̪], [z], and [r] 
 In 21 out of 335 occurrences [θ] was pronounced either as [ð], [z], [d̪], or [r]. This 
amounts to 6.26% of erroneous pronunciation of [θ]. The substitutions break down as 
follows:  
 
 
Figure 7: Substitution of [θ] by Voiced Sounds 
 
The segments [ð, z, d̪, r] constitute a natural class because they are all voiced. Using them 
to substitute for the voiceless [θ] violates the FIC. This substitution interferes with 
intelligibility because, according to Miller and Nicely (1955, p. 347-349), voicing is a 
perceptually salient and robust acoustic cue that GAE hearers rely on to interpret speech.8 
However, the data in Table 2 shows that GAE hearers readily confuse [θ] with [ð] 
(14.6%) when listening to Dutch talkers. They also confuse [θ] with [d̪] (2.1%), and [θ] 
with [z] (0.8%). Cutler et al.’s findings are confirmed by the impressionistic transcription 
data summarized in Figure 7. This may be the case because GAE hearers perceive the 
distinction between voiceless and voiced segments categorically (Ferrand, 2007, p. 267). 
They classify any segments either as voiced or voiceless. Consequently, they may not be 
able to perceive subtle gradations that range from fully voiced, devoiced, to voiceless 
segments. For this reason they categorize even the slightest amount of voicing as a fully 
voiced segment. This propensity predisposes GAE hearers to misunderstand L2 talkers if 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 Wardhaugh (2010, p. 172) lists [tθ] as one of the variable pronunciations of [θ].  This occurs sometimes in 
<think>.  [tθ] makes a sound that is very close to [s].	  
8 On the basis of information available on p. 349, I rank the relative robustness of the five acoustic features 
studied as follows: Voicing > Nasality > Affrication > Duration > Place of articulation. 	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they substitute [ð, z, d̪, r] for [θ]. Fortunately, in the case of [θ] and [ð], there are virtually 
no minimal pairs. Therefore, pronouncing [θɪk] as [ðɪk] does not interfere with 
intelligibility in any measurable way. However, if [d̪] is substituted for [θ], pairs of words 
such as <death> vs. <dead>, <theft> vs. <deft>, <theme> vs. <deem>, <thin> vs. <din>, 
<through> vs. <drew>, <thrill> vs. <drill>, <thrive> vs. <drive>, <thug> vs. <dug>, 
<thumb> vs. <dumb>, <filth> vs. <filled>, <loath> vs. <load>, <myth> vs. <mid>, 
<panther> vs. <pander>, <Ruth> vs. <rude>, <tenth> vs. <tend>, <wealth> vs. <weld>, 
and <worth> vs. <word> may prove undecipherable. Also, misperceiving [θ] as [z] can 
cause unintelligibility in words such as <faith> vs. <phase>, <Ruth> vs. <ruse>, <thing> 
vs. <zing>, <think> vs. <zinc>, and <warmth> vs. <worms>. The rhotic [r] was 
substituted for [θ] only once in the entire corpus. It is therefore reasonable to assume that 
it is a slip of the tongue. Even so, this substitution may cause unintelligibility in <thank> 
vs. <rank>, <thaw> vs. <raw>, <think> vs. <rink>, <thing> vs. <ring>, <throng> vs. 
<wrong>, <thump> vs. <rump>, and <thug> vs. <rug> if the discourse context is not 
sufficiently clear. 
 
8.0 Summary and Pedagogical Implications  
The segments, [f] and [t̪] are regularly substituted for [θ] in both L1 and L2 
Englishes. As a result, this substitution does not interfere with intelligibility. This means 
that 283 out of the 335 occurrences (84.47%) of [θ]s produced by the 67 L2 talkers in this 
study are intelligible. The remaining 52 unintelligible occurrences (15.53%) have to do 
with the substitution of [θ] by [s], [ð], [d̪], [z] and [r]. The substitution of [ð], [d̪], [z], and 
[r] for [θ] occurred 21 times. Each one of these substitutions has the potential of affecting 
intelligibility negatively because they disagree with [θ] in voicing and intensity. The 
unintelligibility problems caused by the substitution of [s] for [θ] are by far the most 
pervasive among the Japanese, Korean, and Mandarin speakers. Separate instructional 
strategies must be tailored to meet the needs of the speakers of these three languages. 
Mandarin talkers who have a hard time producing [θ] can be advised to use [f] instead. 
Similarly Japanese speakers who cannot produce [θ] should be encouraged to use their 
native [ɸ] for [θ]. Both [f] and [ɸ] are suitable candidates for [θ] because all three 
segments form a natural class. Furthermore, their acoustic cues are almost identical. 
These pedagogical strategies, however, would not work for Koreans because their native 
language lacks [f]. As a result, they tend to substitute the lenis [p’] of Korean for [f] in 
English (Jenkins, 2000, p. 65). Korean talkers who are prone to substituting [s] for [θ] 
could be encouraged to use the lenis [t’] of their native language for [θ]. Since, [t’] and [t̪] 
are phonetically and acoustically similar, and since [t̪] occurs commonly in English, this 
pronunciation is not likely to affect intelligibility.  
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Appendix 1: Relative Functional Load Data 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 The data is from Catford (1987: 87-100).  The phonemic transcriptions of vowel sounds are based on the 
orthographic forms of the vowels and may not represent how Catford produces them. 	  
N0 Word 
Initial 
Percentage Word 
Final 
Percentage Words Vowel 
Phonemes9 
Percentage 
1.  k/h 100 d/z 100 bit/bat   /ɪ/ vs. /æ/ 100 
2.  p/b 98 d/l 76 beet/bit  /i/ vs. /ɪ/ 95 
3.  p/k 92 n/l 75 bought/boat  /ɔ/ or /ɑ/ vs. /o/ 88 
4.  p/t 87 t/d 72 bit/but   /ɪ/ vs. /ʌ/ 85 
5.  p/h 85 d/n 69 bit/bait /ɪ/ vs. /e/ 80 
6.  s/h 85 l/z 66 cat/cot /æ/ vs. /ɔ/ or /ɑ/ 76 
7.  l/r 83 t/k 65 cat/cut /æ/ vs. /ʌ/ 68 
8.  b/d 82 t/z 61 cot/cut /ɔ/ or /ɑ/ vs. /ʌ/ 65 
9.  t/k 81 l/n 58 caught/curt /ɑ/ or /ɔ/ vs. /ʌ˞/ 64 
10.  t/s 81 t/s 57 coat/curt /o/ vs. /ʌ˞/ 63 
11.  d/l 79 p/t 43 bit/bet /ɪ/ vs. /ɛ/ 54 
12.  p/f 77 p/k 42.5 bet/bait /ɛ/ vs. /e/ 53 
13.  b/w 76 m/n 42 bet/bat /ɛ/ vs. /æ/ 53 
14.  d/r 75 s/z 38 coat/coot /o/ vs /ʊ/ 51 
15.  h/zero 74 t/tʃ 31 cat/cart /æ/ vs. /ɑ˞ / 51 
16.  t/d 73 k/g 29 beet/boot /i/ vs. /ʊ/ 50 
17.  b/g 71 *t/θ 27 bet/but /ɛ/ vs. /ʌ/ 50 
18.  f/h 69 k/tʃ 26 bought/boot /ɔ/ or /ɑ/  vs. /ʊ/ 50 
19.  f/s 64 b/d 24 hit/hurt /ɪ/ vs. /ʌ˞/ 49 
20.  n/l 61 d/g 23 beat/beard /i/ vs. /iəә˞/ 47 
21.  m/n 59 v/z 22 pet/pot /ɛ/ vs. /ɑ/ 45 
22.  d/g 56 d/dʒ 22 hard/hide /ɑ˞/ vs. /ɑɪ/ 44 
23.  ʃ/h 55 b/m 21 bet/bite /ɛ/ vs. /ɑɪ/ 43 
24.  s/ʃ 53 g/ŋ 21 cart/caught /ɑ˞/ vs. /ɑ/ or /ɔ/ 43 
25.  d/n 53 b/g 20 cart/cur /ɑ˞/ vs. /ʌ˞/ 41 
26.  k/g 50 n/ŋ 18 boat/bout /o/ vs. /ɑʊ/ 40.5 
27.  g/w 49 p/f 17 cut/curt /ʌ/ vs. /ʌ˞/ 40 
28.  n/r 41 s/θ 17 cut/cart /ʌ/ vs. /ɑ˞/ 38 
29.  t/tʃ 39 dʒ/z 16 Kay/care /e/ vs. /ɛ˞/  35 
30.  d/dʒ 39 m/v 16 cart/cot /ɑ˞/ vs. /ɑ/ or /ɔ/ 31.5 
31.  s/tʃ 37 ŋ/l 15 *here/hair /iəә˞/ vs. /ɛ˞/ 30 
32.  g/dʒ 31 p/b 14 light/lout /ɑɪ / vs. /ɑʊ/ 30 
33.  b/v 29 m/ŋ 14 *cot/caught /ɔ/ vs. /ɑ/ 26 
34.  *w/hw 27 g/dʒ 13 fire/fair /ɑɪəә˞/ vs. /ɛ˞/ 25 
35.  *ʃ/tʃ 26 *tʃ/ʃ 12 her/here /əә˞/ vs. /iəә˞ / 24 
36.  *f/v 23 *f/v 9 buy/boy /ɑɪ/ vs. /ɔɪ/ 24 
37.  *v/w 22 *f/θ 9 car/cow /ɑ˞/ vs. /ɑʊ/ 23 
38.  dʒ/dr 21 tʃ/dʒ 8 her/hair /əә˞/ vs. /ɛ˞/ 21 
39.  s/θ 21 b/v 7 *tire/tower /ɑɪəә˞/ vs. /ɑʊəә˞/ 19 
40.  dʒ/j 20.5 s/ʃ 7 box/books /ɑ/ or /ɔ/ vs. /ʊ / 18 
41.  *d/ð 19 z/ð 7 *paw/pore /ɔ/ vs /ɔ˞/ 15 
42.  *tʃ/dʒ 19 *θ/ð 6 pill/pull /ɪ/ vs. /ʊ/ 13.5 
43.  *t/θ 18 *d/ð 5 pull/pole /ʊ/ vs. /o/  12 
44.  tʃ/tr 16 v/ð 1 bid/beard /ɪ/ vs. / iəә˞/ 11 
45.  *f/θ 15   bad/beard /æ/ vs./ iəә˞/ 10 
46.  *f/hw 13   *pin/pen /ɪ/̃ vs. /ɛ/̃ 9 
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Appendix 1-Table 1 
 
Appendix 2: Impressionistic Counts of [θ] and its Substitutes 
Appendix 2-Table 1 
 
 Things  With  Thick Things Three Total Total Total Total Total 
      [θ] [s] [f] [t̪][r] [ð] 
Arabic 1 [θ] [θ] [θ] [θ] [θ] 5     
Arabic 30 [θ] [θ] [θ] [θ] [θ] 5     
Arabic 35 [θ] [θ] [θ] [θ] [r] 4   1  
Arabic 36 [θ] [ð] [θ] [θ] [θ] 4    1 
Arabic 40 [θ] [ð] [θ] [f] [θ] 3  1  1 
Arabic 44 [f] [θ] [θ] [θ] [θ] 4  1   
Arabic 46 [s] [t] [θ] [θ] [θ] 3 1  1  
Arabic 47 [θ] [ð] [θ] [θ] [t] 3   1 1 
Arabic 50 [θ] [ð] [θ] [f] [θ] 3  1  1 
Arabic 51 [θ] [ð] [θ] [θ] [θ] 4    1 
All total       38 1 3 3 5 
Appendix 2-Table 2 
 
 Things  With  Thick Things Three Total Total Total Total Total 
      [θ] [s] [f] [t̪] [z/ð] 
Japanese1 [s] [s] [θ] [s] [θ] 2 3    
Japanese3 [θ] [s] [θ] [θ] [θ] 4 1    
Japanese4 [s] [z] [t] [s] [θ] 1 2  1 1 
Japanese5 [θ] [θ] [θ] [θ] [θ] 5     	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 Impressionistic transcriptions were not available for GA330 and TX286 at the time of this analysis.	  
47.  *v/ð 11   *put/putt /ʊ/ vs. /ʌ/ 9 
48.  *kw/hw 8   bad/Baird /æ/ vs. /ɛəә˞/ 8 
49.  d/z 7   *pull/pool /ʊ/ vs. /u/ 7 
50.  *s/z 6   *sure/shore /uəә˞/ vs. /ɔ˞/ 5 
51.  *tw/kw 5   pooh/poor /u/ vs. /uəә˞/ 5 
52.  v/z 2   *cam/calm /æ/ vs. /ɑ/ 4.5 
53.  *θ/ð 1   purr/poor /ʌ˞/ vs. /uəә˞/ 4.5 
54.  *z/ð 1   good/gourd /ʊ/ vs. /ʌ˞/ 1 
 Things  With  Thick Things Three Total Total Total Total Total 
      [θ] [s] [f] [t̪] [d] 
KY150 [θ] [θ] [θ] [θ] [θ] 5     
MA89 [θ] [θ] [t] [θ] [θ] 4   1  
CA32 [θ] [θ] [θ] [θ] [θ] 5     
GA330 NA10 NA NA NA NA      
MN143 [θ] [θ] [θ] [θ] [θ] 5     
NY6 [θ] [θ] [θ] [θ] [θ] 5     
OR184 NA NA NA NA NA      
TN23 [θ] [θ] [θ] [θ] [θ] 5     
TX286 NA NA NA NA NA      
VA16 [θ] [θ] [θ] [θ] [θ] 5     
All total       39   1  
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Japanese8 [θ] [θ] [θ] [θ] [θ] 5     
Japanese9 [θ] [ð] [θ] [θ] [θ] 4    1 
Japanese10 [s] [θ] [θ] [s] [s] 2 3    
Japanese11 [f] [θ] [θ] [θ] [θ] 4  1   
Japanese12 [s] [s] [s] [s] [s] 5     
Japanese13 [θ] [z] [θ] [θ] [θ] 4    1 
All total       37 9 1 1 3 
Appendix 2-Table 3 
 
 Things  With  Thick Things Three Total Total Total Total Total 
      [θ] [s] [f] [t̪] [ð] 
Korean1 [s] [θ] [θ] [s] [θ] 3 2    
Korean2 [θ] [ð] [θ] [θ] [θ] 4    1 
Korean3 [s] [t] [θ] [s] [θ] 2 2  1  
Korean4 [θ] [t] [θ] [θ] [t] 3   2  
Korean8 [f] [θ] [t] [f] [θ] 2  2 1  
Korean9 [θ] [θ] [θ] [θ] [θ] 5     
Korean10 [f] [ð] [t] [f] [t]   2 2 1 
Korean11 [t] [ð] [θ] [θ] [t] 2   2 1 
Korean12 [f] [ð] [θ] [f] [t] 1  2 1 1 
Korean13 [θ] [θ] [θ] [θ] [θ] 5     
All total       27 4 6 9 4 
Appendix 2-Table 4 
 
 Things  With  Thick Things Three Total Total Total Total Total 
      [θ] [s] [f] [t̪] [d̪] 
Mandarin1 [θ] [s] [θ] [θ] [θ] 4 1    
Mandarin2 [θ] [s] [θ] [θ] [θ] 4 1    
Mandarin3 [θ] [s] [θ] [θ] [θ] 4 1    
Mandarin4 [θ] [s] [θ] [θ] [s] 3 2    
Mandarin5 [s] [s] [s] [s] [s]  5    
Mandarin6 [θ] [d] [θ] [θ] [θ] 4    1 
Mandarin8 [s] [s] [θ] [θ] [θ] 3 2    
Mandarin9 [s] [s] [θ] [θ] [θ] 2 3    
Mandarin12 [f] [f] [t] [f] [t]   3 2  
Mandarin19 [θ] [t] [s] [θ] [θ] 3 1  1  
All total       27 16 3 3 1 
Appendix 2-Table 5 
 
 Things  With  Thick Things Three Total Total Total Total Total 
      [θ] [s] [f] [t̪] [d̪/ð] 
Croatian1 [t] [t] [θ] [θ] [θ] 3   2  
Croatian2 [θ] [θ] [θ] [θ] [t] 4   1  
Croatian4 [f] [ð] [t] [f] [t]   2 2 1 
Croatian5 [θ] [d] [t] [θ] [θ] 3   1 1 
Croatian6 [f] [d] [t] [f] [f]   3 1 1 
Serbian1 [f] [t] [t] [f] [t]   2 3  
Serbian2 [θ] [t] [t] [θ] [t] 2   3  
Serbian6 [t] [t] [t] [t] [t] 5     
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Serbian11 [θ] [θ] [θ] [θ] [θ] 5     
Serbian12 [f] [t] [t] [f] [t]   2 3  
Serbian14 [θ] [t] [t] [θ] [θ] 3   2  
All total       25  9 18 3 
Appendix 2-Table 6 
 
 Things  With  Thick Things Three Total Total Total Total Total 
      [θ] [s] [f] [t̪] [ð] 
Somali1 [f] [t] [s] [f] [θ] 1 1 2 1  
Somali2 [θ] [ð] [t] [θ] [θ] 3   1 1 
Somali3 [θ] [θ] [θ] [θ] [t] 4   1  
Somali4 [θ] [θ] [θ] [θ] [θ] 5     
Somali5 [θ] [θ] [θ] [θ] [θ] 5     
Somali6 [θ] [θ] [θ] [θ] [θ] 5     
All total       23 1 2 3 1 
Appendix 2-Table 7 
 
 Things  With  Thick Things Three Total Total Total Total Total 
      [θ] [s] [f] [t̪] [d̪/ð] 
Spanish1 [θ] [θ] [θ] [θ] [t] 3   1  
Spanish2 [t] [θ] [t] [θ] [θ] 3   2  
Spanish4 [θ] [θ] [θ] [θ] [θ] 5     
Spanish6 [s] [θ] [θ] [θ] [t] 3 1  1  
Spanish9 [θ] [θ] [t] [θ] [θ] 4   1  
Spanish11 [θ] [θ] [θ] [θ] [θ] 5     
Spanish13 [f] [θ] [t] [f] [θ] 2  2 1  
Spanish14 [θ] [θ] [θ] [θ] [t] 4   1  
Spanish16 [θ] [ð] [θ] [θ] [t] 4    1 
Spanish20 [θ] [d] [θ] [θ] [t] 3    1 
All total       36 1 2 7 2 
Appendix 2-Table 8 	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